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1.Introduction
Due to the important role in the interstellar media, plasmas and combustion processes, the ion-molecule reactions have attracted a great deal of attention in recent decades [1] [2] [3] [4] [5] [6] [23] have obtained the dynamic information of the title reaction by the time-dependent quantum scattering method [24] , which is in agreement with experimental results [25] .
The CC, an intramolecular effect which influences the accuracy of related dynamical calculation, has been a subject for many collision dynamical researches.
Chu et al. [17] have examined the role of CC effect in the ion-molecule reaction by the time-dependent wave-packet scattering method [26] [27] [28] , and illustrated that it can influence dynamical properties of poly-atomic molecular reactions. Gao et al. [18] have performed the quantum dynamic calculation of the H+Li 2 reaction on a globally PES, and indicated that the CC effect should be included in the accurate dynamic study without considering computational cost. For reaction O + +D 2 →OD + +D, as a typical ion-diatomic molecule system, its further research may give new dynamical information after considering the CC effect based on a novel PES [22] .
So in this paper, the dynamics calculation of title reaction is performed using the propagation scheme [29, 30] based on the new PES [22] . The role of the CC effect in the reaction is obtained by comparing with the CS dynamic results. This paper is organized as follows: In Section Ⅱ, a short description of the calculated method is described. The computing results are discussed and analyzed in the Section Ⅲ. And the conclusions are presented in Section Ⅳ.
Potential energy surface and dynamical theory
The H 2 O + (X 4 A") PES constructed by Song et al. is employed in the present calculations. The ab initio points are calculated using multireference configuration interaction(MRCI) [31] level and larger basis set aug-cc-pVQZ [32] , and the ab initio energies were subsequently corrected by using the double many-body expansion-scaled external correlation (DMBE-SEC) [33] method. The C ∞v [OHH] + minimum locates at R 1 =2.2950a 0 (R HH ), R 2 =2.1209a 0 (R OH + ) and R 3 = 4.4159a 0 (R OH + ). is adiabatic, there is no contribution from the non-adiabatic effects with multiple electronic state [34] involved for this reaction.
In this work, the reactant (O + +D 2 ) Jacobi coordinates are employed, and the Hamiltonian operator of the system is expressed as, respectively. The modified Chebyshev recursion scheme is applied to propagate the initial wave packet [29, 30] ) 2 ( The time dependent wave function can be expanded in the terms of the body-fixed (BF) translational-vibrational-rotational state G R ∅ r which can be expressed as follows,
where the helical quantum number Ω is the projection of the total angular momentum J on the BF z-axis, l the orbital angular momentum quantum number and p the system parity. Based on this scheme, the element of the Coriolis-coupling matrix is written as,
If we neglect the off-diagonal elements (CS), Eq. (4) can be expressed as,
calculative cost of the J＞0 can be reduced greatly.
By analyzing all wave packets that enter the progressive region of the product channel, we can get the reaction probability and ICS, respectively, as Table 1 lists the details of the optimized parameters in quantum computation. In the CC calculations, it requires us to include all possible helicity quantum number Ω to obtain accurate total reaction probabilities. Considering the time-consuming to get the total reaction probabilities with all required J , it is necessary to truncate the helicalΩprojection in the calculation. We use N Ω to indicate the number of Ω states in the calculation and test a series of N Ω to find the optimal results. The reaction probability of J = 40 is depicted in Fig. 1 . With the increase of N Ω , the deviation of the total reaction probabilities from the rigorous CC results becomes smaller. In fact, it is found that the discrepancy in reaction probabilities between N Ω = 11 and N Ω = 40 has already been very small. Therefore, we set the N Ω value as 11 to perform the accurate quantum dynamic calculations. This value can provide convergent dynamic results which are in agreement with other theoretical works. Clearly, comparing the CC and CS opacity functions at different collision energies, it is seen that the CC effect can be safely ignored at the high collision energies. For partial waves J of larger numbers, the CC results are a little larger than the CS results.
Results and discussion
However, they are of comparable amplitudes with J of small numbers. We can also find the fact that, in the CC and CS calculation, the summation of 104 partial wave contributions is enough for the collision energy from 0.0 eV to 1.0 eV.
The ICSs of the title reaction are depicted Fig. 5 . It is obviously that the curves of the CC and the CS gradually decline due to the exothermic properties. Oscillatory character can be found also in both the CC and CS results owing to the existence of and minimum values [25] (Fig. 5) . We can find that the ICS of the CS calculation has a good agreement with the experiment results for the high collision energy (E c ≥ 0.15eV), and only for E c <0.15 eV the quantum results are under the lower limit of the experimental data. Meanwhile, comparing with the results of Xu et al. [21] for this reaction, we found that the result of our CS is smaller than that of Xu et al. [21] in the low energy region. As the increasing of the collision energy, the difference between the two results becomes smaller.
To supply a better comprehension of the CC effect, the minimum energy path 
Conclusion
In this paper, we have carried out the time-dependent quantum scattering calculation for the title reaction O + +D 2 →OD + +D to obtain the reaction probabilities and the integral cross section. Through the comparison of dynamic results between the Coriolis-coupling effect and the centrifugal sudden approximation calculation, we find that the oscillation feature of the CS is stronger than that of the CC due to the washing-out effect in the CC calculation by coupling different Ω states. Comparing with the experimental result, the obtained ICS has a good agreement with the experimental data, especially in the high collision energy region (E c ≥0.15eV).
Overall, the CC effect has a vital role for the O + + D 2 reaction and needs to be included in accurate quantum dynamics studies. 
